The effect of thermal ageing on the properties and microstructure of Al-Mg-Si alloy was investigated. In this work, an extruded Al-6063 alloy samples were used as the main materials. In order to study the effect of thermal ageing, the alloy samples were solution treated at 530 °C and then quenched into water before artificially aged at elevated temperatures between 120 and 250 °C. The ageing response and mechanical properties was monitored by Vickers hardness and tensile tests, respectively. The analysis of surface fracture and microstructure of peak aged alloy were carried out by means of scanning electron microscope (SEM) and transmission electron microscope (TEM), respectively. Result shows that the highest hardness value and tensile properties is gained by the alloy that aged at 120 °C. It is found that increasing in hardness and strength values of the alloy are due to precipitates formation during thermal ageing. Fracture analysis on peak-aged condition indicates that the alloy having more ductility after thermal ageing. The result shows that the higher ageing temperature will lead to the higher ductility of the Al-6063 alloy, as a results the alloy's strength is reduced.
Introduction 6000 series alloys are heat-treatable alloy which consist of Mg and Si as the major elements with other minor elements such as Cu, Zn, Fe, Ti. It is estimated that about 90 % of aluminium extruded products are made of 6000 series alloys and they are widely used in several industries such as aircraft and building since they have good formability, resistant to corrosion and high strengthening potential [1] . Al-6063 alloy is low strength alloy from the 6000 series group. This alloy is referred to as architectural alloys and decorative alloy [2] . In this material, all alloying elements and impurities contribute in various degrees of strengthening of aluminium matrix through solution hardening and dispersion hardening [3] .
Heat treatment is the common method being used in the industries to modify the mechanical properties of the aluminium alloys. The basic stages of heat treatment are solution treatment, quenching and ageing treatment. During thermally ageing process, time and temperature are the main parameters that needed to be considered to obtain the optimum mechanical properties of the alloy. Basically, the presence of Mg and Si contents in the aluminium alloy produces the magnesium silicade (Mg 2 Si precipitates). The function of this precipitate is to improve the mechanical properties of the alloy after the heat treatment process.
The strength of the alloy is improved by the precipitations sequences. The precipitation sequence in the 6000 series alloys after ageing is accepted to be [4] :
At the beginning decomposition of supersaturated solution (α ssss ) starts with clustering of Mg and Si atoms which is known as GP zones. The β'' and β' precipitates are metastable phase meanwhile β phase is the equilibirium of Mg 2 Si precipitates. It is known that needle-shape precipitates or β'' phase is the main hardening precipitates which are responsible for the peak hardness of the alloy [5] . In this study, the effect of thermal ageing on the properties and microstructure of Al-6063 alloy were investigated using various methods such as hardness, tensile test, TEM and SEM.
Materials and Methods
The Al-6063 alloy used in this study is in extruded formed with 40 mm wide and 4 mm thick. The chemical composition of Al-6063 alloy is shown in the Table 1 . The Al-6063 alloy samples were cut and solution treated at 530 °C for 10 minutes. Then the samples were quenched into room temperature water instantly after the specimens were withdrawn from the furnace. After the preparation of the solution treatment process was completed, the samples were thermally aged at four different ageing temperatures of 120, 160, 200 and 250 °C with duration time from 0.1 hour to 100 hours.
The ageing response of the Al-6063 alloy samples was monitored using the 401MVD Micro-Vickers Hardness Tester Digital. For each sample, five hardness readings were taken to ensure an accurate readings and the average value of hardness was determined. The mechanical properties of peak-aged alloys at different ageing temperatures were investigated by means of INSTRON Universal testing machine with 10 kN load cell and crosshead speed of 1.0 mm min -1 .
The microstructure and precipitates formation of peak-aged alloy after thermal ageing at 200 °C were investigated using the Philip EM400, operating at 9V. The fracture surface of peak-aged Al-6063 alloy after thermal ageing at 160 and 200 °C was analyzed using JEOL JSM 6400 SEM, operating at 15 kV.
Results and Discussion
Ageing Response. In order to study the effect of thermal ageing on the ageing responses, four different ageing temperatures of 120, 160, 200 and 250 °C were carried out and the result of hardness test is shown in Fig. 1 . 
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It can be seen from the hardness results that the trend of each curves show slowly increased in hardness at early duration of ageing up to 1 hour. At different ageing temperatures, the alloy will reach peak hardness at different ageing time and then the alloy's hardness begin to fall which is referred to over-aged conditions. Based from this observation, it can be seen that the peak hardness values and time to reach peak hardness decreased as the ageing temperature increased. Increasing the ageing temperature up to 250 o C will lead to increase in the rate of precipitates formation as a results the larger precipitates will be formed at shorter ageing time. This will give a lower peak hardness value. In 6000 series alloys, at any given temperature, the hardness values of the alloy increases due to the formation of the hardening precipitates. These precipitates are effective in hardening the alloy by hindering the dislocation motion resulting in increasing the hardness and strengthening [6] .
Tensile Properties. Fig. 2(a) shows the tensile properties of peak-aged Al-6063 alloy after thermal at different temperatures. From the trends of the graph, it clearly shows that as the ageing temperature increased, the yield strength (YS) of the alloy sample decreased. As stated on previous research, the higher ageing temperature influenced the reduction of tensile strength [7] . Hence, the gained of tensile strength is proportional to the hardness. However as shown in Fig. 2(b) , the elongation of alloy increased with increasing ageing temperature. Hence, it can be said that the higher the ageing temperature, the weaker the alloy becomes, and the higher its ductility. Microstructure Analysis. Fig. 3 shows the micrographs of TEM for the alloy that thermally aged at 200 °C for 3 hours. During artificial ageing at elevated temperature, precipitates have grown with faster rate. As can be seen in TEM micrograph, the increment in hardness of Al-6063 alloy at temperature 200 °C is due to the formation of needle-shaped precipitates. The formation of these precipitates in the alloy after thermal ageing is believed to harden and strengthen the alloy by interaction of dislocation movement and precipitates [6, 8] .
Surface Fracture Analyses. The surface fracture of peak aged alloys after ageing at 160 °C and 200 °C are shown in Fig. 4(a) and (b), respectively. From SEM micrographs, ductile fracture morphologies were seen for both temperature conditions. Overall, two micrographs observed dimples covering the fracture surface, showing a typical ductile fracture feature resulting from void growth and coalescence [9] . As shown in Fig. 4(a) , after ageing at 160 °C, the alloy shows the smoother surface and shallow dimples which indicates the alloy is less ductile. However, at higher ageing temperature of 200 °C ( Fig. 4(b) ), there are many deep dimples in the microstructure of alloy which correspond to more ductile alloy. It can be noticed that the SEM micrographs results are in agreement with the hardness and tensile test results which inferred that the higher thermal ageing temperature results in lower mechanical properties and higher ductility. 
Conclusion
The effects of thermal ageing on properties and microstructure of Al-6063 alloy were investigated by means of hardness, tensile, TEM and SEM. As a conclusion, the peak hardness time and peak hardness values increased as the ageing temperature decreased. The increase in hardness and strength values of the Al-6063 alloy was influenced by the formation of the precipitates. It is found that as the ageing temperatures increases, the values of hardness and tensile strength decrease, thus lower the mechanical properties of the alloy.
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